SUMMARY A pilot study on the effect of localised irradiation applied to the site of a standard perforating injury in the rabbit eye, showed that gamma rays limited the formation of posttraumatic vitreoretinal membranes. A controlled study was therefore undertaken to confirm this observation. Twenty-four pairs of rabbits underwent a standard perforating injury in the right eye.
SUMMARY A pilot study on the effect of localised irradiation applied to the site of a standard perforating injury in the rabbit eye, showed that gamma rays limited the formation of posttraumatic vitreoretinal membranes. A controlled study was therefore undertaken to confirm this observation. Twenty-four pairs of rabbits underwent a standard perforating injury in the right eye.
One rabbit of each pair received a radioactive ophthalmic '0Cobalt applicator and the other a dummy applicator. Nineteen of 24 non-irradiated eyes developed vitreoretinal membranes, with associated traction retinal detachment. Only four of 24 irradiated eyes developed traction retinal detachment.
Post-traumatic retinal dysfunction is a major cause of partial or complete visual loss following perforating injuries of the eye.' 2 In such eyes the proliferation of cells at the site of injury gives rise to vitreoretinal membranes, a condition known as proliferative vitreoretinopathy (PVR).3-5 The subsequent contraction of these membranes may detach the retina from the underlying pigment epithelium and choroid, resulting in damage to retinal structure and impairment of retinal function.
Histological studies of post-traumatic vitreoretinal membranes have shown that the majority of the cells are fibroblasts, retinal pigment epithelial cells, glial cells, and macrophages embedded in a collagen and fibrin matrix.°"' Some cells with the properties of fibroblasts are seen in ultrastructural studies to contain contractile proteins and to have certain characteristics of smooth muscle cells." 12 Such cells are termed myofibroblasts, and their contractile properties are probably responsible for active contraction of vitreoretinal membranes. '" The matrix on which the myofibroblasts exert traction is provided by the vitreous framework or collagen elaborated by the fibroblasts themselves. '3 The management of PVR is principally surgical, involving vitrectomy and removal of membranes to permit repositioning of the retina. ' anatomical success may be achieved, visual results may be disappointing."' Furthermore the manipulation and cutting of vitreous bands during vitrectomy may promote the formation of new membranes. ' 6 Attempts have been made to limit membrane formation by the use of corticosteroids.'" These drugs not only limit the invasion and lysis of the vitreous collagen by inflammatory cells but also have an inhibitory effect on the growth of fibroblasts. However, intraocular structures are largely inaccessible to drugs administered on conventional lines, and, despite intravitreal injection of large doses of corticosteroids, the drug disappears too rapidly to provide sustained inhibition. '7 Antimitotic agents, which are inhibitors of cellular proliferation, particularly 5 fluorouracil, have been used recently with some success in patients with proliferative vitreoretinopathy.'8 This drug is toxic to the retina and capable of abolishing the electroretinogram at doses very close to the therapeutic range.'9 Because of increased clearance of fluorouracil from eyes subjected to vitrectomy, repeated administration of the drug is necessary to achieve a therapeutic effect. This can result in peak intraocular levels of the drug after each injection, and its intraocular use in conjunction with gas tamponade may result in its concentration at toxic levels on the retinal surface.20 P-aminopropionitrile2' and penicillamine22 have been tried in experimental animal studies. Both 561 U Chakravarthy, CJ FMaguire, and D B Archer drugs reduce the formation of new collagen by inhibiting enzymes that are responsible for the cross linking between collagen molecules. The fibroblasts are therefore deprived of a scaffolding on which to grow and exert their contractile force.
Haematoporphyrin photoradiation therapy has been tested in the animal model.' Haematoporphyrin derivative binds wells to the cell membrane of dividing cells and, when followed by photoradiation, results in destruction of the cell.
lonising irradiation offers an alternative approach in the management ofproliferative vitreoretinopathy. It had long been known to inhibit the growth and division of cells, and this property of gamma rays has been studied extensively in tissue culture.2425 Belkin et al. used single-dose, whole-eyeball, gamma irradiation with some success to inhibit the formation of experimental post-traumatic intraocular membranes.
I Such vitreoretinal membranes can be created successfully and reproducibly in the experimental animal model,27 and the cellular proliferation and membrane formation is most pronounced at the site of perforation.27I We therefore considered the local application of gamma rays to the site of injury as a logical method of preventing the formation of vitreoretinal membranes.
Radioactive 'cobalt applicators originally devised We performed a pilot study on 10 rabbit eyes that were subjected to a standard perforating injury based on the Cleary and Ryan animal model.3 Five of these rabbits acted as controls, and the injured eye of the remaining five rabbits was irradiated with the 5 mm CKA 1 ophthalmic 6'cobalt applicator (external diameter of 7 mm) for 48 hours after injury. The rabbits were killed sequentially for a period of up to six weeks and the details of the post-mortem findings are given in Table 1 . Non-irradiated eyes developed extensive vitreoretinal membranes, with associated traction retinal detachement. Irradiated eyes by contrast developed focal scars at the site of injury, and, if a membrane was present, it was attenuated without distal attachment to other intraocular structures. A controlled study was therefore carried out on 48 pigmented rabbits in order to confirm this finding statistically.
Materials and methods
Pigmented rabbits, weight 2 kg, of either sex were used. The animals were randomly divided into two groups of 24 each, one of which was assigned to receive the radioactive 'cobalt plaque and the other a dummy plaque, the key to the code being held by the animal technician. The dummy plaque was identical in appearance with the radioactive applicator, so that observer bias was eliminated, and both radiated and control rabbits underwent standardised surgical proceedures. The rabbits were anaesthetised in pairs with pentobarbitone 60 mg/kg body weight, and the anaesthesia supplemented with 1% retrobulbar lignocaine. The right eye of each animal was subjected to a standard perforating injury,3 which consisted of a conjunctival peritomy that was performed in the inferior temporal quadrant, and the globe was then perforated by a full-thickness 5 mm circumferential incision 4 mm behind the limbus with a Bard-Parker scalpel blade. 0-2 ml of vitreous was aspirated through the wound with a 20 gauge needle and replaced with the same quantity of autologous blood drawn from the rabbit's ear vein. The scleral wound was approximated with two 5-0 Ethibond sutures. On the basis of the preselected code either a radioactive or a dummy plaque was sutured over the sclera to cover the site of perforation (Fig. 2) . The conjunctiva was drawn up over the plaque and secured to the limbus by a single stitch.
The injured eyes were examined daily for the first week and weekly thereafter. The extent and density of vitreous haemorrhage and haze were assessed and scored on days 3 and 5; and later, when present vitreoretinal membranes were graded on their extent and traction effects, on weeks, 2, 4, 6, 8, and 12 (Table 2) . Four eyes suffered an accidental traumatic lens injury at the time of injection of blood into the vitreous, and subsequently developed lens opacities. One rabbit was found to have a second full-thickness perforation of the globe just inferior to the medullary rays in the temporal quadrant caused by the injecting needle. All these animals were included in the study. The animals were killed sequentially at 1, 2, 3, 4, 6, and 12 weeks. Eight injured eyes were harvested at each time interval, four of which had been irradiated. The eyes were fixed in 10% formalin for 24 hours, after which the anterior segment was removed and the posterior half of the globe photographed.
The size and extent of the vitreal blood clot, the length of the proliferative tissue, and its traction effects and the presence of a retinal detachment were graded and scored (Table 3) . Scleral wound healing was assessed on the ability of the granulation tissue to withstand the stress of sectioning the eyeball. If the lips of the wound stayed together, it was considered that healing was established. If the granulation tissue bridging the wound disintegrated on sectioning the eyeball, the wound was considered as poorly healed. The wound and proliferative tissue were processed for light microscopy and 7 gm sections were stained with haematoxylin and eosin.
Results

OPHTHALMOSCOPIC APPEARANCE
The results are summarised in Table 4 . In both nonirradiated and irradiated eyes immediately after injury and injection of blood the vitreous haemorrhage obscured all retinal details.
Non-irradiated eyes. At day 3 vitreous haze was quite marked and prevented examination of the retina. By day 5 clearing of peripheral vitreous opacities had begun, and the injured retina was visible on ophthalmoscopy. Fibrinous strands and condensed vitreal fibrils extended from the site of injury into the mid-vitreal blood clot and towards the medullary rays of the retina. During week 2 greyish membranes appeared initially at the site of perforation but later extended along the fibrinous tracks into the vitreous. The membranes typically attached themselves to the medullary rays and retina directly opposite the wound, causing retinal folding at these sites. They also became attached to the ciliary body, retina adjacent to the wound, and the posterior surface of the lens. At week 3 localised traction retinal detachments were established at some points where the proliferative membrane was adherent to Irradiated eyes: On day 3 cloudy vitreous obscured the retina as in the control eyes. By day 5 clearing of the peripheral vitreal blood clot had begun, and at week 2 the media were sufficiently clear to permit observation of the injury site by ophthalmoscopy. The injured retina was oedematous, and strands of fibrin, condensed vitreal fibrils, and blood extended from the site of injury into the mid-vitreous. At around 10 days these strands became attenuated in approximately half the eyes, but in others they were replaced by greyish membranes that stretched for short distances into the vitreous from the site of perforation. In most of the latter the distal ends of the membranes appeared to float freely in the vitreous without attachment to other intraocular structures.
Between weeks 3 and 12 vitreous opacities in most irradiated eyes continued to clear with no further membrane formation. Of the 12 irradiated eyes that were followed up for more than four weeks three developed traction retinal detachments due to proliferative vitreoretinopathy. One of the animals (rabbit 16) suffered a lens injury. This eye developed a severe uveitis in the immediate postinjury phase, and by week 2, when the vitreous debris had cleared, a vitreoretinal membrane and traction retinal detachment at sites of adherence of the membrane became obvious. The second of the irradiated eyes that developed PVR (rabbit 46) suffered a double perforating injury. This eye developed a vitreoretinal membrane and traction detachment at the exit wound. The site of the entry wound remained flat. The third of the irradiated eyes that developed retinal detachment (no 39) had no additional injury and yet fared badly. This eye developed a local retinal detachment of the medullary rays.
Statistical analysis was performed by the nonparametric Mann-Whitney U test on ophthalmoscopic scores of non-irradiated and irradiated eyes. The results were insignificant at the 5% level at day 3 and day 5. However, there was a significant difference in scores between the two groups at all the remaining time intervals studied (p<005).
POST-MORTEM APPEARANCE
Non-irradiated eyes The results are summarised in Table 5 . Week 1. Three of four non-irradiated eyes had healed scleral wounds. In one eye the granulation tissue bridging the wound disintegrated on sectioning the eyeball. In all eyes blood clot was present on the inner aspect of the wound and extended into the vitreous. In two eyes fibrinous bands and condensed vitreal fibrils stretched from the site of perforation to the medullary rays and retina directly opposite the wound. In two other eyes a definite membrane was present, and this extended from the wound into the vitreous blood clot. In both these eyes the membrane had distal attachments to the medullary rays, ciliary body, and opposite retina. Traction at these sites was evident as retinal folding or wrinkling.
Week 2. Three of four non-irradiated eyes had healed scleral wounds. In all eyes the blood clot was replaced by fibrous vitreoretinal membranes (Fig. 3) , which were thicker and more extensive than those present at week 1. One eye had extensive exudation into the vitreous and a total retinal detachment. This eye had a lens injury. Week 3. All eyes had healed scleral wounds. One untreated eye had membrane formation with no traction on the retina. Two eyes had membranes exerting localised traction on the retina, and one had extensive proliferative vitreoretinopathy and total retinal detachment. This eye had suffered a lens injury.
Week 4. Scleral wound healing was well established in all four eyes. The fibrous membrane, which was present in all four eyes harvested at this time interval, extended into the vitreous from the site of injury and over the retinal surface. Three of the eyes had localised retinal detachments and one had a total retinal detachment. Pigmentary changes were present adjacent to the site of injury.
Week 6. Three eyes had a fibrous membrane adherent to peripheral retina causing a traction retinal detachment. One eye had a short membrane whose distal end did not become attached to other structures, the retina staying flat.
Week 12. All four eyes had extensive intraocular membrane formation (Fig. 4) . Three of these had total retinal detachment and one had a localised retinal detachment. The blood clot had undergone further lysis and shrinkage.
Irradiated eyes
Results are summarised in Table 6 . Week 1. Three of four irradiated eyes had poorly healed scleral wounds. Blood clot was present in the vitreous adjacent to the wound. Fibrinous bands and In all eyes scleral wound healing was complete and the blood clot had undergone further lysis and disintegration. Pigmentary disturbance was present in the injured quadrant in all specimens. Two eyes showed retinal scarring and no membrane formation ( Fig. 5) one had an attenuated membrane, while another which had suffered double perforating injury had a vitreoretinal membrane (rabbit 46). The membrane extended from the exit wound which lay in the inferior nasal quadrant to the medullary rays, where it caused a local retinal detachment. Statistical analysis was performed on the postmortem scores for each measurement at each time interval studied. There was no significant difference between the size of blood clot in non-irradiated and irradiated eyes at any of the time intervals studied. However, scores for the length of the proliferative membrane and its traction effects showed significant differences between the two groups for all time intervals between weeks 2 and 12 (p<0-05), and at weeks 6 and 12 the difference in scores was considered highly significant (p<001). At week 1 the difference in scores was not considered significant for the length of the proliferation or its traction effects (p>O0O5). LIGHT an acute inflammatory reaction and appeared to promote cellular proliferation and earlier membrane formation remote from the maximum activity of the plaque.
In conclusion, gamma irradiation was found to be effective in arresting the development of vitreoretinal membranes following a standard perforating injury of the eye, when applied directly to the site of perforation. Wound healing was delayed but not prevented. Electron microscopy of the ocular tissues at the irradiated site and remote from the site of irradiation is being undertaken. Further studies on the optimum time of application of the plaque and the minimum effective dose of radiation are in progress. 
